Abstract. The article provides options for threading process diagnostics. For the previously proposed method of diagnostics, an algorithm for adjusting the machine, equipped with a pneumatic drive and a diagnostic module was developed. The interrelation between the technological system characteristics and the device for diagnostic signal recording was shown. As a result, it is possible to provide maximum productivity of the technological operation without the loss of processing quality.
Abstract. The article provides options for threading process diagnostics. For the previously proposed method of diagnostics, an algorithm for adjusting the machine, equipped with a pneumatic drive and a diagnostic module was developed. The interrelation between the technological system characteristics and the device for diagnostic signal recording was shown. As a result, it is possible to provide maximum productivity of the technological operation without the loss of processing quality.
Adjustment of any equipment, including technological, is associated with significant time costs [1] . Modern machines, in addition to customizing the traditional characteristics of the machining process, require the selection or specification of additional parameters, such as machining strategy, tool adjustment for wear, clamping force, etc. The result of additional settings is an increase in the accuracy and reliability of machining, and in some cases, the only possibility of manufacturing the product within the specified quality and cost requirements.
In order to improve the quality and reliability of the machining, diagnostic modules are installed in metal-cutting machines that monitor and analyze the technological process parameters and give an estimate of its state [2] [3] [4] [5] [6] [7] [8] [9] .
For the analysis of machining operations, the following methods are widely used: -acoustic emission [2, 3, [5] [6] [7] , based on collection, recording and analysis of elastic deformation waves; -diagnostics based on strength characteristics of the process [3, 4, 9] ; -diagnostics based on EMF and cutting temperature for laboratory studies [8] .
For cutting small diameter internal threads, machine tool designs with pneumatic drives [10] were developed, and became widespread in machine-building enterprises due to their high reliability and low cost. However, the use of compressed air, as a working fluid, does not allow for precise adjustment of the machine and leads to instability of machining parameters. Thus, for example, when machining a group of similar holes, due to tool wear, the time consumed to form one threaded hole is increased. It can be explained by the absence of a rigid connection between the output characteristics of the machine drive -power and speed.
This article is devoted to the development of an adjustment algorithm for a machine equipped with a pneumatic drive and a diagnostic module when small diameter internal threads are machined with deforming-cutting taps. The main purpose of the presented development results is to increase the thread cutting process efficiency.
It is possible to increase threading efficiency due to the cutting process diagnostics. The existing diagnostic methods based on acoustic emission and power characteristics are related to hardware implementation difficulties and the way signals are received by control devices.
A diagnostic method was proposed for pneumatic drive machine tools; and as a diagnostic signal this method was based on the thread-cutting time [11] .
The basic scheme for implementing this method is shown in Figure 1 . When cutting the thread, spindle 4 from position I moves into position II, which is fixed by sensors 9 and 10, while device 11 (which can be implemented as a data acquisition board) determines the travel time. As the tool wears, the cutting torque increases and the travel time of the spindle increases, which is determined by the use of pneumatic cylinder 1 in the power head design. The proposed method makes it possible, based on the analysis of the intensity of the machining time increase and its approximation to the boundary value, to estimate the moment for changing the blunt instrument, thereby increasing the reliability and quality of the technological operation.
The small diameter threading process is a fast one, thus, it causes some difficulties that arise during machine adjustment.
These difficulties are related to determining the area of the throttle hole 8 and its changes during machining.
The maximum area of the throttling hole, on the one hand, ensures maximum performance, on the other hand, defines a "blind spot" for recording device 11.
A "blind spot" refers to such a combination of signals registered by device 11, when a controlled analog signal, due to various factors, falls into the same digital pulse of the device.
For example, for LA-50USB data collection card, the time of registration, processing, and transfer of the signal to the computer is 50 μs, if the signal difference when machining a certain group of holes is less than 50 μs, the device produces the same value, and the change in the technological process is not observed (see Figure 2) . For effective diagnostics and reliability of threading operations, it is necessary to avoid the above-mentioned "blind spot" effect, which is possible by changing the area of throttle opening 8.
The solution to the task is accomplished by implementing the following algorithm: The value of the throttling hole area is found from equation (1) . To eliminate the "blind spot" effect and to increase the sensitivity of device 11 to the level at which it reacts to the specified minimum increment of torque M ∆ , it is necessary to increase t ∆ by 3-4 times:
Equation (1) is nonlinear and its solution in relation to 1 f is only numerically possible.
However, it does not take into account the stochastic factors, which affect the process and can be compensated by an additional coefficient ст , determined, for example, on basis of experimental studies. Then dependence (1) takes the following form:
The developed algorithm for adjusting the machine equipped with a pneumatic drive considering the characteristics of the diagnostic signal recording device provides high efficiency of the threading operation and the required quality.
The proposed methodology can be further adapted to control the process of small diameter internal threading in conditions of flexible automated production in machine systems equipped with pneumatic and hydraulic drives.
